MATERIALS AND METHODS
Adult ascaridoids were obtained at necropsy of mammals. Taxa studied (hosts in parentheses) included: Baylisascaris procyonis (raccoon), Baylisascaris transfuga (black bear), Toxocara canis (domestic dog), Toxocara cati (domestic cat), Heterocheilus tunicatus (West Indian manatee), Ascaris suum (domestic pig), Ascaris lumbricoides (human), and Parascaris equorum (domestic horse). Living worms were rinsed in physiological saline, individually wrapped in aluminum foil to exclude air, sealed in plastic bags, and stored at -70C.
Preparation of tissue extracts and methods of electrophoresis have been previously described (Nadler, 1986) . Homogenates of host intestinal tissue were run on some gels as controls for contamination by host or gut flora enzymes. The following buffers were used for electrophoresis: (a) phosphate-citrate, pH 6.8; (b) Trismaleate, pH 7.5; (c) Tris-EDTA borate, pH 8.1; (d) borate bridge buffer, pH 8.6; (e) phosphate-citrate, pH 6.0. For details of buffer a-d compositions see Nadler (1986) . Phosphate-citrate, pH 6.0 buffer (0.032 M Na2HPO4, 0.01 M citric acid) was diluted 1:4 for gels and was undiluted for electrode bath. Following electrophoresis, specific proteins were localized in gel slices using techniques described mainly in Harris and Hopkinson (1976). Proteins studied (abbreviations in parentheses) included: sorbitol dehydrogenase (SORDH), lactate dehydrogenase (LDH), malate dehydrogenase (MDH), isocitrate dehydrogenase (ICD), 6-phosphogluconate dehydrogenase (6-PGD), glutamate dehydrogenase (GLUT), superoxide dismutase (SOD), glutamate-oxaloacetate transaminase (GOT), arginine kinase (ARG-K), adenylate kinase (ADN-K), phos-
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Nadler in Journal of Parasitology (1987) 73(4 assessed by comparing reactions of the homologous species antigen versus a test species antigen. Experiments were repeated at least 3 times using dilutions of pseudocoelomic fluid and saline extracts of whole worm tissues as antigen. Dilutions of 1 part pseudocoelomic fluid to 500 parts diluent (0.9% saline with 0.01% thimerosal as a bacteriostatic agent) or 1 part saline tissue extract to 100 parts diluent yielded reactions of equivalence. Antigens from both sources reacted identically. Antiserum was used undiluted. In contrast to this, A. suum (host-pig) and A. lumbricoides (host-human) have a Nei distance coefficient of 0.09. Based upon this distance coefficient, it is estimated that slightly less than 1 Myr has elapsed since these 2 species diverged.
RESULTS

Comparative electrophoresis
Comparative immunodiffusion
Because of these large genetic distances, and to investigate the question ofmonophyly, a comparative study of ascaridoid albumins was undertaken using the antiserum raised to purified A. suum albumin. Homologous trefoil comparisons of P. equorum, T. canis, T. cati, B. procyonis, B. transfuga, and A. lumbricoides yielded reactions of identity between the antigen wells (Fig. 1A-D, F-H (Fig. 1E) . Such a reaction occurs when antigens of the test species are not recognized by the antiserum.
DISCUSSION
Genetic divergence between some representative genera of the Ascarididae sensu Sprent (1983) is so great that comparative enzyme electrophoresis fails to reveal similarities between taxa. This level of protein divergence prohibits cladistic analysis of the data, and suggests that isoenzyme studies are not appropriate for the analysis of phylogenetic relationships in the superfamily Ascaridoidea. Such divergence is indicative of an ancient separation of these genera. Despite this dissimilarity at the electrophoretic level, albumin immunodiffusion reactions of identity suggest that A. lumbricoides, A. suum, P. equorum, B. procyonis, B. transfuga, T. canis, and T. cati are members of a monophyletic group. In contrast to this, the nonidentity ofH. tunicatus albumin indicates that its antigenic sites are not recognized by the antibody or that this organism has no albumin. This result suggests that additional studies of this taxon are necessary.
The Baylisascaris and Toxocara congeners had very large genetic distances for species of the same genus. However, such distances would be expected if the relationships of these species reflect host divergence dates. For example, albumin and transferrin immunological distance data suggest that the Ursus-Procyon (bear-raccoon) divergence occurred approximately 25 Myr ago (Sarich, 1973) . Paleontological evidence also indicates that the Procyonidae and Ursidae have not shared a common ancestor since the Miocene (Romer, 1966) . Albumin distance data also indicate that the canoid-feloid divergence occurred approximately 52 Myr ago (Sarich, 1969) , which is in agreement with the paleontological evidence indicating an Eocene Canidae-Felidae separation (Romer, 1966) .
Estimates of time of divergence made from electrophoretic data can vary considerably depending on the time-distance calibration employed. The most reasonable estimates take into account the proportion of slow-to fast-evolving loci in the data set (Sarich, 1977 ). With such a calibration, the Baylisascaris divergence date of 25 Myr ago corresponds to the host-family divergence date. This agreement between host and parasite divergence dates could be the result of cospeciation.
For T. canis and T. cati, the data suggest that these species shared a common ancestor after the canoid-feloid divergence. However, because these times of divergence are approximations, and the genetic distances are so large, the most sound conclusion is that, like the Baylisascaris species, the Toxocara congeners represent an ancient speciation event.
Large ., 1978) . These 2 species, which have different diploid chromosome numbers, apparently became reproductively isolated after P. univalens gave rise to P. equorum by tetraploidization (Goday and Pimpinelli, 1984).
In contrast to this, A. suum and A. lumbricoides have a very small genetic distance. In the present study, 14 loci that were monomorphic in A. suum were of identical electrophoretic mobility in A. lumbricoides. Three polymorphic loci had shared alleles in the 2 species. Only 1 enzymatic locus (SOD-1) was of different electrophoretic mobility. This locus is apparently monomorphic in A. suum (Leslie et al., 1982) , however, further studies are necessary to confirm the diagnostic nature of this locus.
In a study of 21 protein loci in A. lumbricoides and A. suum, Nascetti et al. (1979) reported that 4 loci were of different electrophoretic mobility in these species. These loci were malate dehydrogenase-3, glucose-6-phosphate dehydrogenase, esterase-2, and aldolase. One locus, phosphoisomerase, was considered to be partially diagnostic. Superoxide dismutase was not evaluated by these investigators. In the present study, aldolase and a-naphthyl acetate esterase electromorphs were of identical mobility in these 2 species. Glucose-6-phosphate dehydrogenase and malic enzyme (presumably MDH-3 of Nascetti et al., 1979) activities were not adequately resolved for interpretation. Possibly, some protein-charge differences went undetected in the present study. On the other hand, genetic differences between the samples used in these studies could also account for the different results.
Despite these experimental differences, the Nei distance coefficient of 0.09 and divergence estimate reported in the present study is comparable to the 0.315 Nei coefficient arrived at by Nascetti et al. (1979) . These authors estimated time of divergence to be 1.6 Myr ago for these species. These distance coefficients and divergence dates are in obvious conflict with established host phylogenetic relationships, and suggest that host range expansion has occurred. Opportunities for crossinfection may have been enhanced because of the physiological similarities between humans and pigs and by pig domestication.
Many previous studies of ascaridoid systematics have focused on the validity of the distinction between A. suum and A. lumbricoides (see Gibson, 1983 for review). Nascetti et al. (1979) were the first to demonstrate that A. suum and A. lumbricoides are genetically distinct species. The current study, along with the immunoelectrophoretic findings of Kurimoto (1974) 
